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Prevalence, pathogenesis and spectrum of 
neurological symptoms in COVID- 19 and  
post- COVID- 19 syndrome: a narrative review
Robb Wesselingh1,2

Since the initial report from Wuhan, China, of neurological 
symptoms occurring in 36.4% of patients with coronavirus 
disease 2019 (COVID- 19),1 there have been efforts across 

the globe to identify the potential neurological manifestations 
of the disease. These efforts have ranged from global registries 
to multicentre and single centre case series, and were vital to 
improve our understanding of what clinicians may expect 
to see as COVID- 19 spread. Although case definitions of the 
various neurological symptoms and syndromes have been fairly 
uniform internationally, there is a great deal of heterogeneity 
with regards to case ascertainment. The chaotic nature of the 
COVID- 19 pandemic meant that patient recruitment was often 
opportunistic, with great differences between variables such as 
patient location and COVID- 19 severity. This is reflected in the 
wide variance in the reported prevalence of both neurological 
presentations in COVID- 19, ranging from 7% to 77.8%, and the 
breakdown of the type of neurological complaints (Supporting 
Information). For example, the prevalence of headache has been 
reported to be as high as 41.1%2 or as low as 4.3%.3

Registries worldwide are beginning to provide an overview 
of the spectrum of neurological manifestations of COVID- 19. 
A meta- analysis has collated the multiple registry and case 
series of neurological symptoms of COVID- 19 to provide a point 
prevalence for each of the most common symptoms.4 Overall, 
anosmia, dysgeusia and headache are common symptoms. 
Encephalopathy, encephalitis, cerebrovascular disorders, and 
peripheral neuropathies, including Guillain– Barré syndrome 
(GBS), are all described in COVID- 19 but are less common. 
Seizures and movement disorders appear to be rare.

This narrative review will explore the characteristics of the 
neurological diseases seen during acute COVID- 19, the evidence 
for long term neurological complications, and summarise the 
potential pathological mechanisms involved. Relevant literature 
was identified by searching PubMed, Google Scholar and 
MEDLINE for articles published from 2019 to 2022 with the 
search terms “COVID” and “neurology”.

Pathophysiological mechanisms of neurological disorders 
in COVID- 19

The underlying pathogenesis of neurological symptoms in 
COVID- 19 is heterogenous and multifactorial. Of these, there 
are four likely mechanisms of nervous system dysfunction and 
injury that occur during severe acute respiratory syndrome 
coronavirus 2 (SARS- CoV- 2) infection: i) direct neurological 
invasion and injury by the virus; ii) para- infectious autoimmune 
responses directed against the nervous system; iii) endothelial 
dysfunction and COVID- 19- associated coagulopathy; and 
iv) toxic effects of severe systemic COVID- 19 disease on the 
neuroaxis. These mechanisms are not mutually exclusive and, 
in many cases, occur concurrently. However, for simplicity, this 

discussion will be focused on the primary mechanism present 
in each of the clinical syndromes.

First, neurological manifestations of COVID- 19 may occur due 
to viral neurological invasion. The highly prevalent clinical 
symptoms of anosmia and dysgeusia, suggesting olfactory 
bulb and nerve involvement in the setting of high viral loads 
within the nasopharynx,5 have raised the possibility of direct 
viral central nervous system (CNS) invasion. Although there are 
plausible entry points to the CNS, evidence of neurotropism in 
animal models and pathological evidence of virus within the 
CNS, the direct effect of the virus on the CNS remains unknown.6

SARS- CoV- 2 infects human cells by binding with angiotensin- 
converting enzyme 2 (ACE2) receptors on the cell surface. 
The main cell type expressing ACE2 receptors in the CNS are 
neurons, with the olfactory bulb and the choroid plexus showing 
the highest expression on transcriptomic analysis,7 which 
makes these sites the most likely portals of entry into the CNS. 
Mouse models of SARS- CoV- 2 infection have demonstrated viral 
invasion into the brain via the olfactory nerve.6 However, as 
SARS- CoV- 2 does not bind well to mouse ACE2 receptors, these 
models use transgenic mice expressing human ACE2 receptors, 
which results in an artificial environment. In addition, ACE2 
receptors in mice are more highly expressed in the olfactory bulb 
than that seen in humans.7 These factors mean that it is difficult to 
extrapolate these studies to humans and, thus far, these putative 
mechanisms have not been confirmed in vivo in humans.
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Summary
• Neurological symptoms are not uncommon during severe acute 

respiratory syndrome coronavirus 2 (SARS- CoV- 2) infection 
and reflect a broad spectrum of neurological disorders of which 
clinicians should be aware.

• The underlying pathogenesis of neurological disease in 
coronavirus disease 2019 (COVID- 19) may be due to four 
mechanisms of nervous system dysfunction and injury: i) 
direct viral neurological invasion; ii) immune dysregulation; 
iii) endothelial dysfunction and coagulopathy; and iv) severe 
systemic COVID- 19 disease.

• Neurological manifestations of acute COVID- 19 include headache, 
peripheral neuropathies, seizures, encephalitis, Guillain– Barré 
syndrome, and cerebrovascular disease.

• Commonly reported long term neurological sequelae of COVID- 19 
are cognitive dysfunction and dysautonomia, which despite 
being associated with severe acute disease are also seen in 
people with mild disease.

• Assessment of cognitive dysfunction after COVID- 19 is 
confounded by a high prevalence of comorbid fatigue, anxiety, 
and mood disorders. However, other markers of neuroaxonal 
breakdown suggest no significant neuronal injury apart from 
during severe acute COVID- 19.

• The long term impact of COVID- 19 on neurological diseases 
remains uncertain and requires ongoing vigilance.
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Pathological studies in humans examining the presence of virus 
in the CNS have had varied results. A study published in 2021 
examined the post mortem brain tissue of two patients with 
anosmia and dysgeusia due to COVID- 19 who died of respiratory 
failure.8 They identified neuronal injury predominately in 
the medulla oblongata. Similarly, in a larger case series of 43 
autopsies of patients with COVID- 19, 37 patients demonstrated 
astrogliosis and microglial activation, with T cell infiltration 
being most prominent in the brainstem.9 The olfactory bulb also 
showed high degree of astrogliosis and microgliosis. SARS- 
CoV- 2 RNA was identified in the brain parenchyma of 13 of these 
patients. In both studies, spike protein or nucleocapsid protein 
immunostaining was prominently seen in neurons and in glial 
cells in the medulla and lower cranial nerves, particularly the 
vagus nerve.8,9 These studies suggest possible viral invasion 
into the CNS via the vagus nerve. This is anatomically plausible, 
given the vagus nerve innervates organs such as the lungs and 
gastrointestinal tract, which are common sites of SARS- CoV- 2 
infection.

Other studies have either not identified any evidence of virus 
in the CNS10,11 or identified viral RNA in the olfactory bulb 
only.12 Most of these studies have identified concomitant 
astrogliosis and microglial activation,8,9 indicating CNS injury 
independent of virus and are potentially better explained by 
other pathogenic mechanisms. Given these findings, it is likely 
that primary invasion of the CNS by SARS- CoV- 2 is rare, and 
that the uncommon occurrence of virus identified in the CNS 
is representative of virus movement across a disrupted blood– 
brain barrier in the setting of a pro- inflammatory environment.

Second, neurological manifestations of COVID- 19 may occur 
due to immune dysregulation. Immune- mediated disease is not 
unique to COVID- 19 and is observed in the setting of several 
pathogens.13 This has been postulated to occur either due to 
loss of self- tolerance of the adaptive immune system activated 
by a virus, molecular mimicry from similarities between 
pathogenic-  and self- antigens, or as the collateral of an antiviral 
inflammatory response.13

Third, neurological manifestations of COVID- 19 may occur due 
to vascular injury. Disruption of normal coagulation has been 
well characterised in COVID- 19, and thrombotic complications 
in multiple organs are commonly seen in severe COVID- 19.14 
Elevated D- dimer (a marker of microangiopathic changes) is 
also used as a key biomarker of poor prognosis.15 Endothelial 
dysfunction has been identified pathologically in the CNS of 
patients with COVID- 19. This manifests as endotheliitis, which 
is identified by microbleeds, petechial haemorrhages within the 
walls of blood vessels, and perivascular infiltration of T cells and 
macrophages.16 Endotheliitis has been described in the pons, the 
thalami, juxta- cortically, and in the deep white matter in large 
autopsy studies.16,17

Finally, neurological manifestations of COVID- 19 may 
occur due to systemic COVID- 19 disease. Severe disease in 
COVID- 19 results in hypoxia and a pro- inflammatory state or 
“cytokine storm”, similar to that seen in severe sepsis.18 Post 
mortem examination of the brain tissue of patients who died 
of severe COVID- 19 demonstrates widespread inflammation 
with microglial activation. In these same specimens, there 
was no evidence of concomitant endotheliitis or evidence of 
viral invasion,11,12 indicating these changes are independent of 
endothelial dysfunction or direct viral injury. Both hypoxia and 
the inflammatory mediators can cause this potential CNS injury, 
although these changes are not unique to COVID- 19. The same 
pathological CNS changes were also observed in a second cohort 

consisting of patients who died of sepsis but were not seen in a 
non- septic cohort.12

Inflammation- related disorders in COVID- 19

Headache

Headache is a common early symptom in COVID- 19. One cross- 
sectional study reported headache as the first symptom in 26% 
of patients.19 The most common type of headache reported in 
COVID- 19 is bifrontal or holocephalic with a pressure quality 
and daily in frequency.20,21 Several studies have identified 
common associated migraineous symptoms, including 
photophobia, phonophobia, and gastrointestinal upset.22 Risk 
factors identified include female sex, younger age, presence of 
fever, and dehydration.

Most cases of COVID- 19- related headache last about three days, 
and the majority last no more than two weeks. A follow- up 
study evaluating patients with headaches during SARS- CoV- 2 
infection nine months after their illness found that only 19% of 
patients were still experiencing headaches at the nine- month 
follow- up.23 Of the patients who had headache at one month 
after illness, 50% still had headache at the nine- month time 
point, suggesting chronicity is established early on.

The aetiology of headache in COVID- 19 remains disputed and 
is likely to be multifactorial. Calcitonin gene- related peptide 
(CGRP) is a neuropeptide known to play a role in the pathogenesis 
of migraine and the target of many novel migraine treatments. 
CGRP receptors are found on the trigeminal ganglion and 
coexist with ACE2 receptors, indicating a potential target for 
viral invasion. CGRP levels are also known to increase with 
inflammatory cytokines such as interleukin (IL)- 6, which are 
also thought to be able to activate local nociceptive sensory 
neurons and cause nerve inflammation and potentially 
central sensitisation. Molecular studies in COVID- 19- related 
headache have also been heterogenous. Some studies have 
demonstrated lower systemic inflammatory markers, such as 
erythrocyte sedimentation rate, blood leucocytes and serum 
ferritin,24 with an increase in the anti- inflammatory cytokine 
IL- 10.25 Other studies have identified higher serum IL- 6, a pro- 
inflammatory cytokine.26,27 However, in these studies, patients 
with headaches also appeared to have more severe pulmonary 
COVID- 19 disease. A better understanding of headache in 
COVID- 19 may translate into a deeper appreciation of the 
pathogenesis of other headache disorders. Further studies 
evaluating molecules in the cerebrospinal fluid of patients with 
COVID- 19- related headache would be a valuable addition to 
this pursuit (Box).

Peripheral nervous system

Peripheral nervous system involvement in COVID- 19 (excluding 
GBS, which will be discussed separately) appears to fall into 
two main categories: i) rare inflammatory events that have 
been reported in case reports or case series; and ii) critical 
illness neuropathy or myopathy due to prolonged severe 
pulmonary illness. The first category has included events such 
as brachial plexiitis28 and steroid responsive diffuse anterior 
horn cell disease.29 These disorders are likely to relate to a 
systemic inflammatory response in the setting of COVID- 19, 
and their treatment is likely to include immunotherapy such as 
corticosteroids.

The second category is the result of the severe illness that 
can occur with COVID- 19 requiring prolonged inpatient care 
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and, potentially, ventilation. Cohorts of critically ill patients 
with COVID- 19 have identified both electrophysiological and 
histopathological evidence of critical illness myopathies30 as 
well as fairly symmetrical sensory- motor axonal neuropathies.31 
The degree of muscle injury may also play a part in patient 
outcome. One study identified that muscle injury in COVID- 19 

was not necessarily associated with a creatinine kinase rise, 
but that a significant creatinine kinase rise was associated 
with respiratory failure and in- hospital death.32 Although it is 
possible that high levels of creatinine kinase could build up 
in the setting of multiorgan failure, it could also be a proxy 
marker for severe myopathy affecting respiratory function. 
This could suggest that identification and management of 
myopathy could play a factor in improving outcomes in 
critically ill patients.

Despite not acutely associated, there is a third category 
that has been predominantly recognised in the period 
after having COVID- 19: that of small fibre neuropathy. Two 
case series demonstrated small fibre neuropathy, proven 
on either autonomic testing or skin biopsy, in patients who 
recovered from COVID- 19.33,34 Symptoms included new onset 
paraesthesia and autonomic dysfunction, and symptom onset 
occurred several weeks to several months after acute SARS- 
CoV- 2 infection. Despite the plausibility of para- infectious or 
post- infectious immune dysregulation, a causal relationship 
between SARS- CoV- 2 infection and the development of a 
small fibre neuropathy has not been established. In a case 
series, ten of the 17 patients received a form of immunotherapy 
(corticosteroids or intravenous immunoglobulin), and eight of 
these had improvement in their symptoms from the nadir.33 
However, all seven patients who were not treated also had 
improvement in their symptoms.

Isolated autonomic dysfunction is also commonly reported 
in the cohort with post- COVID- 19 syndrome.35 In the most 
comprehensive of these studies, 41% of patients had symptoms 
of orthostatic intolerance without objective evidence of heart 
rate or blood pressure abnormalities on autonomic (tilt table) 
testing.36 This combination is not suggestive of neuropathy- 
related autonomic dysfunction, but rather overlaps with chronic 
fatigue and other central sensitisation syndromes (Box).

Seizures

Seizures are uncommon in COVID- 19 and are largely driven 
either by pre- existing CNS pathology (including pre- existing 
epilepsy) or by new intracranial pathology due to COVID- 19. 
Electroencephalogram (EEG) changes in COVID- 19 are most 
commonly an abnormal background rhythm or diffuse or 
focal intermittent slowing.37 The presence of intracranial 
disease or epileptiform discharges on EEG increase the 
likelihood of status epilepticus.38 Interestingly, the risk of long 
term seizures is predicted by pre- existing epilepsy or by the 
presence of a structural CNS lesion and not by the severity of 
SARS- CoV- 2 infection, seizures during the acute illness, or 
EEG abnormalities.39 This means that long term antiseizure 
medications are rarely required (Box).

Immune- mediated neurological manifestations of 
COVID- 19

Encephalitis

Autoimmune encephalitis is a rare but significant symptom of 
COVID- 19. Encephalitis is a late manifestation of COVID- 19, 
occurring on average a fortnight after the onset of symptoms, 
and most commonly presents with altered consciousness and 
seizures.40 Imaging changes can be as specific as the typical 
changes of limbic encephalitis, with mesial temporal lobe 
T2 FLAIR (T2- weighted- fluid- attenuated inversion recovery) 
changes on magnetic resonance imaging (MRI), or as broad 
as T2 lesions in the cortex, white matter or deep grey nuclei.41 

Key points on neurological manifestations of coronavirus 
disease 2019 (COVID- 19)

Key points

Headache in 
COVID- 19

• Headache is common during SARS- CoV- 2 infection 
but usually self- limiting

• Patients with ongoing headache after several 
months are at significant risk of chronic headache

• Given the potential involvement of CGRP in the 
pathogenesis of headache in COVID- 19, the use of 
CGRP- antagonists may be effective to treat chronic 
headaches in these patients, but further targeted 
research is needed in this area

Peripheral 
nervous system

• Inflammatory peripheral nerve syndromes in 
COVID- 19 are uncommon but should be treated 
initially with corticosteroids, with consideration of 
further immunotherapy

• Critical illness myopathy may play a critical role in 
the outcome of patients with severe COVID- 19, and 
strategies to limit myopathy should be considered in 
this population (early physiotherapy, judicious use of 
corticosteroids and other myotoxic agents)

• Autonomic dysfunction in post- COVID- 19 syndrome 
and its relationship to other central sensitisation 
syndromes require more research; in particular, to 
evaluate if they benefit from the same management 
strategies used in such syndromes

Seizures • Seizures are uncommon de novo in COVID- 19, so, 
when present, evaluation for intracranial pathology 
should be undertaken

• SARS- CoV- 2 infection may temporarily exacerbate 
existing seizure disorders

• Long term antiseizure therapy is rarely needed

Guillain– Barré 
syndrome

• The relationship between SARS- CoV- 2 infection and 
Guillain– Barré syndrome remains unclear

• Ongoing epidemiological studies are required to 
continue to evaluate this relationship

Stroke and other 
cerebrovascular 
disorders

• Severe SARS- CoV- 2 infection is a risk factor for 
stroke, and clinicians should have a low threshold 
for stroke evaluation in patients with COVID- 19 
admitted to hospital who develop new neurological 
deficits

• Whether COVID- 19 increases stroke risk in younger 
patients or in those with mild disease remains 
unclear, but given the high potential for morbidity, 
this requires ongoing public health surveillance

• COVID- 19 can be considered a unique risk factor for 
venous thrombosis, including central venous sinus 
thrombosis

Neurological 
symptoms of the 
post- COVID- 19 
syndrome

• Cognition dysfunction after SARS- CoV- 2 infection 
appears to largely relate to disease severity 
and multiple factors that occur in this setting 
(hypoxaemia, systemic inflammation, use of 
anaesthetic agents)

• There is a substantial proportion of patients 
with post- COVID- 19 syndrome who present with 
subjective cognitive complaints that require rigorous 
ongoing longitudinal evaluation given the potential 
socio- economic implications of a theoretical COVID- 
19- associated neurodegenerative syndrome

CGRP = calcitonin gene- related peptide; SARS- CoV- 2 = severe acute respiratory syndrome 
coronavirus 2. ◆
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Cerebrospinal fluid may be normal or, more commonly, show 
elevated protein.40 Pleocytosis is less common.

Specific autoimmune encephalitis syndromes have been 
described after SARS- CoV- 2 infection. In one systematic review 
of autoimmune encephalitis cases in the literature, limbic 
encephalitis (37%) was most common, followed by N- methyl- 
D- aspartate receptor (NMDAR) autoimmune encephalitis 
(26%) and new onset refractory status epilepticus (11%).42 As 
with these syndromes outside of COVID- 19, encephalitis after 
COVID- 19 generally responds to immunotherapy. Successful 
treatment regimens have included corticosteroids, intravenous 
immunoglobulin, plasma exchange, and rituximab.43 Overall 
encephalitis after COVID- 19 could provide a unique opportunity 
to examine the pathogenesis of immune- mediated CNS disease, 
given the likely precipitant (COVID- 19) is known.

Guillain– Barré syndrome

GBS is a well documented immune- mediated para- infectious 
manifestation that had been identified early in the pandemic as 
a potential complication of COVID- 19. Despite being a plausible 
sequela of COVID- 19, there have been opposing views on 
whether GBS in COVID- 19 is in line with the standard prevalence 
in the non- pandemic era, or whether there is a potential causal 
effect of COVID- 19 in inciting GBS. One of the larger GBS studies 
reported a drop in the incidence of GBS in the United Kingdom 
during the pandemic era (2020) compared with the pre- pandemic 
years (2016– 2019), and no relationship between the regional 
incidence of COVID- 19 and GBS.44 The study authors accept that 
the restrictions imposed by the pandemic were likely to reduce 
other pathogen- associated GBS, but still conclude an unlikely 
causal link between COVID- 19 and GBS.

Conversely, two retrospective multicentre Italian studies45,46 
and a multicentre Spanish study47 evaluated the incidence 
of GBS in patients with COVID- 19 compared with patients 
without COVID- 19 and demonstrated a significant increase in 
GBS in patients with COVID- 19, inferring a potential causal 
link. However, these studies only covered a short period of 
time, and the number of patients in these studies was small. 
Interestingly, there seems to be a specific phenotype of COVID- 
19- associated GBS. Multiple electrophysiology case series have 
identified higher rates of demyelinating pathology as opposed 
to axonal and more common involvement of cranial nerves.48,49 
At this stage, all we can conclude is that GBS is a possible rare 
complication of SARS- CoV- 2 infection and that prospective 
monitoring of the incidence of GBS along with COVID- 19 is 
warranted (Box).

Complications of endothelial dysfunction and 
thrombosis in COVID- 19

Stroke

Early in the COVID- 19 pandemic, there were reports of 
increased cerebrovascular disease, with a particular concern 
of ischaemic stroke occurring in young people.50 Subsequent 
large multicentre studies have identified the incidence of stroke 
in COVID- 19 ranging from 1% to 2%.51,52 There are conflicting 
reports whether strokes in COVID- 19 disproportionally affect 
younger persons,53,54 as well as whether patients display the 
traditional vascular risk factors (hypertension, diabetes, atrial 
fibrillation).53 It is also unclear whether the rate of stroke in 
COVID- 19 is altered from the baseline population rate. One 
case– control study evaluating stroke presentations to multiple 
emergency departments across Spain identified no significant 

difference in the rate of stroke between patients testing positive 
for SARS- CoV- 2 and those testing negative.55

What is clearer is that patients with severe COVID- 19 disease 
(requiring intensive care admission or mechanical ventilation) 
have an elevated risk of stroke.51,53 Given people with 
comorbid conditions, including the aforementioned vascular 
risk factors, are more likely to develop severe COVID- 19, it is 
possible that this could be explained by common risk factors. 
Other studies have observed unique characteristics of stroke 
during SARS- CoV- 2 infection. Several multicentre studies 
have reported large vessel occlusion as being over- represented 
in COVID- 19- associated cerebrovascular disease,54,56 and, in 
particular, multivessel large- vessel occlusion.56,57 In addition, 
both systemic markers of inflammation (C- reactive protein, 
erythrocyte sedimentation rate) and markers of clot formation 
and breakdown (D- dimer) have been associated with stroke in 
patients with COVID- 19.58,59 There is also a higher prevalence 
of antiphospholipid antibodies in COVID- 19, specifically IgG 
directed against phosphatidylserine/prothrombin,60 which 
could provide a link between the systemic inflammation and 
the COVID- 19- associated coagulopathy.

As previously discussed, endothelial dysfunction and 
endotheliitis may also have a role in CNS vascular disease 
during COVID- 19. High resolution MRI scans of the vessel wall 
have demonstrated enhancement and thickening of CNS arteries 
in patients with COVID- 19 and cryptogenic stroke.61 These 
vessel wall changes are also seen in patients with COVID- 19 
presenting only with acute encephalopathy, although in this 
cohort they did not correlate with ischaemia or other imaging 
changes of vasculopathy,62 suggesting they are a product of 
systemic inflammation but may not lead to cerebrovascular 
disease. There are few case reports of CNS vasculitis during 
COVID- 19,63 which is a more typical clinical representation of 
inflammatory endothelial dysfunction. Overall, the evidence 
supports cerebrovascular disease in COVID- 19 as associated with 
systemic COVID- 19 disease and related coagulopathy rather than 
as a form of vasculitis.

Other cerebrovascular disorders

Other rarer vascular disorders that have been reported during 
SARS- CoV- 2 infection are cerebral venous sinus thrombosis and 
posterior reversible encephalopathy syndrome. The incidence 
of cerebral venous sinus thrombosis in COVID- 19 has been 
estimated at up to 3520 cases per million population per year, 
well above the reported incidence of five cases per million 
per year in the general population.64 Unlike arterial stroke in 
COVID- 19, which has been reported at occurring between ten 
and 14 days after COVID- 19 symptom onset, the onset of cerebral 
venous sinus thrombosis occurs within the first 24– 72 hours of 
COVID- 19. The most common symptom is headache, and, in 
one study, it had a reported mortality of 25%. Similar to arterial 
stroke, these patients did not demonstrate the typical thrombosis 
risk factors.64

Posterior reversible encephalopathy syndrome during SARS- 
CoV- 2 infection has been less reported in the literature. A 
systematic review identified 30 cases of posterior reversible 
encephalopathy syndrome reported in the literature, with 80% 
occurring in the setting of severe COVID- 19 disease.65 Clinically, 
it presents similarly to posterior reversible encephalopathy 
syndrome due to other causes. A hypertensive episode is 
present in 75% of cases and altered consciousness is the most 
common presenting symptom. However, radiologically, there 
is a significant proportion of patients (50%) who demonstrate 
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haemorrhage,65 which is another indication of the coagulopathy 
seen in COVID- 19 (Box).

Neurological symptoms of the post- COVID- 19 syndrome

Evidence for neurological involvement and injury

Two large population studies have raised the prospect of SARS- 
CoV- 2 infection predisposing to neurological disease. The 
first study compared the incidence of neurological disorders 
at 12 months after the development of acute COVID- 19 and 
identified an elevated risk of developing a broad variety of 
neurological disorders from migraine to Alzheimer disease.66 
Given the considerable variance in different pathologies and 
aetiologies of these conditions, it is hard to conceptualise how 
COVID- 19 could affect the risk of such divergent diseases. This 
is particularly interesting for neurodegenerative diseases with a 
decades’ long pre- clinical prodrome, such as Alzheimer disease, 
given the follow- up time in this study was only 12 months. It 
is possible that SARS- CoV- 2 infection may be causally related 
to some inflammatory conditions such as GBS or encephalitis 
but hasten the diagnosis of previously present but undiagnosed 
neurodegenerative diseases such as Parkinson or Alzheimer 
disease. This should become clearer with time and longer 
follow- up studies. It is also possible the diagnosis of other health 
conditions will increase after any significant adverse health 
event, not just SARS- CoV- 2 infection.

The other large- scale study was a two- year retrospective cohort 
study including 1 284 437 propensity score matched patients with 
COVID- 19 versus respiratory matched controls.67 The authors 
evaluated the incidence and hazard ratio (six- month and time 
varying) for a range of neurological conditions over a two- year 
period. They identified an increased risk of cognitive deficits, 
dementia, psychotic disorder, and epilepsy or seizures. However, 
the risk of dementia and cognitive deficits was mainly driven by 
the older adult population (no significant difference was seen in 
children or adults) and the Delta variant, which is characterised 
by more severe COVID- 19. This again is suggestive of pre- existing 
or prodromal illness unmasked by a significant health event.

Cognition dysfunction and other sequelae

Cognitive complaints, including memory impairment and 
slowed speed of processing, are common neurological symptoms 
reported in post- COVID- 19 syndrome.68 Studies of cognition 
in patients after SARS- CoV- 2 infection are heterogenous. This 
is due to the varying definitions of abnormal cognition, the 
neuropsychological tests used (particularly the use of tests 
with a low ceiling, such as the Montreal Cognitive Assessment), 
and the potential confounding effect of fatigue, mood changes, 
and anxiety on performance in neuropsychological testing. For 
example, in a study of patients after severe COVID- 19, almost 
half of patients reported cognitive complaints, and just over 
half of patients reported fatigue, supported objectively by 
abnormal fatigue scores.68 Despite composite cognitive scores 
demonstrating no differences from normative population data, 
on deeper cognitive analysis there was a slight reduction in day- 
to- day processing of information and planning that correlated 
with fatigue, anxiety and mood changes. Although it is difficult 
to identify any causal relationship in either direction, this does 
highlight the potential impact that confounders can have on the 
assessment of cognition.

Other studies have demonstrated similar comorbid symptoms 
occurring with cognitive dysfunction, with high fatigue scores 
in up to 85% of patients.69 There have also been multiple 

negative studies that did not identify any change in cognitive 
function in people with post- COVID- 19 syndrome and cognitive 
complaints,70,71 or in which the reduction in cognition would 
be considered to be within the variance of a normal population 
and not clinically significant.72,73 Studies done with more 
comprehensive cognitive assessments have identified a subset 
of patients with post- COVID- 19 syndrome who demonstrate 
objective cognitive changes. A cross- sectional study found that 
of 740 patients with previous SARS- CoV- 2 infection, 18% had 
slowed processing speed, 16% had executive dysfunction, 15% 
had issues with phonemic fluency, 24% had memory encoding 
problems, and 23% had difficulties with memory recall.74 
Patients admitted to hospital, a proxy variable for severe disease, 
were more likely to have impaired cognition.

Overall, the factors most strongly associated with poor cognitive 
function in the first six months after SARS- CoV- 2 infection are 
severe disease, intensive care requirement, and hypoxia.75- 77 
On longer follow- up, many of these patients have improved 
cognition at 12 months, albeit still lower than baseline.74

In conjunction with cognitive studies, biomarkers of neuronal 
injury provide an insight into the potential for long term 
neurological sequelae. Neurofilament light (NfL) is a well 
validated biomarker of neuroaxonal breakdown78 which has 
been used in neurodegenerative conditions, such as Alzheimer 
disease, and in neuroinflammatory conditions, such as 
multiple sclerosis.79 NfL could be used as a fluid biomarker for 
neuroaxonal injury in acute SARS- CoV- 2 infection and to assess 
for persisting neurodegeneration.

NfL levels in the blood have been demonstrated to be elevated 
during acute SARS- CoV- 2 infection and correlate with severe 
disease80- 84 but not with mild to moderate disease.85 NfL levels were 
similar to those seen during other severe pulmonary infections 
such as bacterial pneumonia86 or influenza.87 Cerebrospinal fluid 
levels of NfL were higher in patients with central neurological 
complications of COVID- 19 (defined as reduced consciousness 
or central weakness).83 Longitudinal studies of NfL and other 
biomarkers of CNS injury, such as glial fibrillary acidic protein, 
normalise by six months following severe illness.88

The strongest evidence for potential neurodegeneration leading 
to cognitive dysfunction comes from a study using a pre- existing 
UK biobank.89 It demonstrated longitudinal cortical volume loss 
in limbic brain regions functionally connected to the primary 
olfactory cortex in 56– 62% of patients with COVID- 19, and 
deficits in the neuropsychological tests of processing speed and 
executive dysfunction. However, cerebral volume losses were 
small, and there was minimal correlation between cognitive 
testing and volume loss indicating that these changes may not 
be clinically or functionally significant (Box).

Future directions and conclusions

Neurological symptoms are common during SARS- CoV- 2 
infection and reflect a broad spectrum of neurological disorders. 
An understanding of the clinical characteristics of these 
complications are important when managing patients with 
COVID- 19.

These complications also provide a unique opportunity to 
further our knowledge on the pathogenesis of these neurological 
disorders independent of COVID- 19. The efforts to create 
registries for neurological manifestations of COVID- 19 should 
now be focused on converting these databases to biobanks to 
further this pursuit.
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Commonly reported long term neurological sequelae of 
COVID- 19 are cognitive dysfunction and dysautonomia. 
However, assessment of cognitive dysfunction in post- 
COVID- 19 syndrome has been confounded by a high prevalence 
of comorbid fatigue, anxiety, and mood disorders and by 
heterogenous definitions and methodology. Future studies on 
long term cognitive dysfunction should be guided by centrally 
agreed upon research procedures to ensure reliability and 
reproducibility. Markers of neuroaxonal breakdown, such as 
NfL, suggest no significant neuronal injury apart from during 
severe acute COVID- 19, which is not unique to COVID- 19 but 
still significant to society given the large number of people 
potentially affected. The long term impact of COVID- 19 on 

neurological diseases remains uncertain and requires ongoing 
vigilance through longitudinal studies.
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